Thylakoid Membrane, Polypeptide, Flash Spectroscopy, Photosystem II, Antiserum As was described previously, an antiserum to polypeptide 11000 inhibited photosynthetic elec tron transport on the oxygen evolving side of photosystem II. The effect of the antiserum on chloro plasts from two tobacco mutants also clearly showed that the inhibition site is on the photosystem II-side of the electron transport chain. One of the two tobacco mutants lades the oxygen evolving capacity but exhibits some electron transport with tetramethyl benzidine, an artificial donor to PS II. In this mutant electron transport was barely inhibited. The effect of the antiserum on the primary photoevents showed that the initial amplitude of the absorption change of chlorophyll an at 690 nm and that of the primary electron acceptor X32o at 334 nm both diminished in the presence of the antiserum. Both signals were restored upon addition of diphenylcarbazide another artificial donor to photosystem II. Comparison of the degree of inhibition on the amplitudes of the fast and slow components of the 690 nm absorption change with the manometrically measured inhibition of electron transport shows that besides a full inactivation of a part of the reaction centers of photosystem II another part apparently mediates a fast cyclic electron flow around photosystem II as reported by Renger and Wolff earlier for tris-treated chloroplasts. Moreover, the antiserum affects the low temperature fluorescence in a way which is opposite to Murata's effect of the Mg2+ -ion induced inhibition of energy spill-over from photosystem II to photosystem I. The antiserum under the condition in which the Hill reaction is inhibited lowered the 686 nm emission and enhanced the 732 nm emission which indicates an enhanced energy spill-over to photosystem I.
As was described previously, an antiserum to polypeptide 11000 inhibited photosynthetic elec tron transport on the oxygen evolving side of photosystem II. The effect of the antiserum on chloro plasts from two tobacco mutants also clearly showed that the inhibition site is on the photosystem II-side of the electron transport chain. One of the two tobacco mutants lades the oxygen evolving capacity but exhibits some electron transport with tetramethyl benzidine, an artificial donor to PS II. In this mutant electron transport was barely inhibited. The effect of the antiserum on the primary photoevents showed that the initial amplitude of the absorption change of chlorophyll an at 690 nm and that of the primary electron acceptor X32o at 334 nm both diminished in the presence of the antiserum. Both signals were restored upon addition of diphenylcarbazide another artificial donor to photosystem II. Comparison of the degree of inhibition on the amplitudes of the fast and slow components of the 690 nm absorption change with the manometrically measured inhibition of electron transport shows that besides a full inactivation of a part of the reaction centers of photosystem II another part apparently mediates a fast cyclic electron flow around photosystem II as reported by Renger and Wolff earlier for tris-treated chloroplasts. Moreover, the antiserum affects the low temperature fluorescence in a way which is opposite to Murata's effect of the Mg2+ -ion induced inhibition of energy spill-over from photosystem II to photosystem I. The antiserum under the condition in which the Hill reaction is inhibited lowered the 686 nm emission and enhanced the 732 nm emission which indicates an enhanced energy spill-over to photosystem I.
In previous publications we have reported on the effect of an antiserum to a polypeptide fraction on the oxygen evolving side of photosystem I I 1 > 2. It appeared that the antiserum inhibited electron transport near the Tris-block between the sites of electron donation of tetramethyl benzidine and di phenyl carbazide. The inhibition by the antiserum was produced in the course of the light reaction. As this data implies that a component from the vicinity of photosystem II becomes exposed to the outer sur face of the thylakoid membrane and as this view is seemingly opposed to some of the current concepts on the topology of the photosystems in the thylakoid membrane, we felt that further substantion of our results would be necessary. This was attempted by the use of tobacco mutants which differed with re- spect to electron transport properties and photo synthetic unit sizes and by use of the repetitive flash spectroscopy in the electron transport systems de scribed previously 1 > 2. This method allows the direct measurement of the photoreaction of the reaction center chlorophyll Chi an 3 and that of the primary electron acceptor X 320 28 of photosystem II. Moreover, the effect of the antiserum on the low temperature fluorescence emission at 77 °K was investigated.
Materials and Methods
The isolation and characterization of the poly peptide fraction 11000 from stroma-freed chloro plasts of Antirrhinum majus was described previous ly
The isolation of photochemically active stromafree swellable chloroplasts from Nicotiana tabacum var. John William's Broadleaf was also described earlier ^5. In addition to this tobacco we used chloroplasts from the tobacco aurea mutant Su/su2 which is a chlorophyll deficient mutant and yields chloroplast preparations with 5 -10 times higher electron transport rates on a chlorophyll basis than the green control. The mutant is a more pronounced type of the earlier described tobacco mutant Su/su 6. Properties of the chloroplasts from yellow leaf sec tions of the variegated tobacco mutant NC95 have been described earlier4,7. This type of chloroplasts exhibits only photosystem I reactions.
Light reactions are described and referred to in the previous publication 2. Diphenyl carbazide as a donor to photosystem II was used in this publication in the concentration range from 3.3 x 10~5 to 3.3 X 10~4 molar in the assay. Flash spectroscopy of X 32o and P690 was carried out according to the techniques described by Rüppel and Witt and by W itt8' 9.
Low temperature fluorescence was measured with a modified Perkin-Elmer Fluorescence Spectrophoto meter MPF-3. For the recording of the spectra in Fig. 1 tobacco leaves were mashed and the brei was immediately frozen to liquid nitrogen temperatures in glass tubes (inner diameter 3.7 mm). The spectra of Fig. 1 are not corrected. For these fluorescence spectra of chloroplast preparations we used the as say system described earlier2. After measurement of the degree of inhibition of the light reaction by the antiserum, the samples were diluted 1:5 v/v with 0.2 M tricine buffer pH 7.6 and frozen to the liquid nitrogen temperature. For the determination of the base line we used the complete assay mixture but without chloroplasts.
Results

Effect of the antiserum to polypetide 11000 on electron transport in mutant chloroplasts from tobacco
The general electron transport properties of the wild type tobacco and the two tobacco mutants used are characterized by the low temperature fluores cence emission spectra shown in Fig. 1 . The green type shows the usual peak ratios at 685 nm versus 732 nm, known from the literature10. The aurea mutant Su/su2 which has a much smaller photo synthetic unit than the green type, namely 300 Chl/02 evolved/flash in comparison to 2400 Chl/02 evolved/flash with the wild type has a much higher ratio of the short wavelength emission bands versus the long wavelength emission, indicating an in creased photosystem II/photosystem I ratio. The yellow leaf patch from the variegated tobacco mutant NC95 shows a clear preponderance of the long wavelength emission band which is attributed in the literature to photosystem 1 10. The effect of the antiserum on these three types of chloroplasts in the electron transport system H 20 -anthraquinone-2-sulfonate or tetramethyl benzidine -> anthraquinone-2-sulfonate is depicted in Fig. 2 . The anti serum inhibits the green type chloroplast to the ex tent described earlier2 whereas the aurea mutant despite its much higher rates of electron transport through photosystem II is inhibited to a lesser ex tent by the antiserum than the green control. Elec tron transport in chloroplasts from the yellow leaf patch of the tobacco mutant NC95 is not inhibited by the antiserum. This chloroplast type gives no 0 2-evolution but has a low activity for the photo system II-mediated anthraquinone-2-sulfonate reduc tion with tetramethyl benzidine as the electron donor. Again, these results with the NC95 mutant clearly demonstrate that the inhibitory action of the antiserum lies on the oxygen evolving side of photo system II whereas photosystem I reactions are not affected by the antiserum 2. 
Influence of the antiserum on the primary photo reactions in photosystem I I
In chloroplasts from wild type tobacco, electron transport from water to the artificial electron ac ceptor anthraquinone-2-sulfonate is inhibited by the antiserum (Fig. 3) . This inhibition is not relieved by tetramethyl benzidine an artificial donor to photosystem I I 11. However, addition of diphenyl carbazide another artificial donor to photosystem II restores electron transport through photosystem II. Reaction sequences of this type have led us to the interpretation that the antiserum to this polypeptide inhibits electron flow through photosystem II be tween the sites of electron donation of tetramethyl benzidine and diphenyl carbazide*' 2. In the same assay shown in Fig. 3 we have measured the ab sorbance change at 334 nm reflecting the turnover of X 320 5 which is the primary electron acceptor to photosystem I I 28. With addition of tetramethyl benz idine as the electron donor, the amplitude of the X 3 2 0 signal was diminished by 60 per cent in the presence of the antiserum. The signal was partly restored upon addition of diphenyl carbazide (Fig. 4) . This data means that reaction centers of photosystem II are blocked by the antiserum and that the site of inhibition must be before X 320 as de duced from the effect of diphenyl carbazide on the signal amplitude.
The absorbance change of Chlan at 690 nm was measured in the same assay system. Fig. 5 shows the effect of the antiserum and control serum on the absorbance change at 690 nm. The two fast decay phases of the signal are attributed to Chlan 29,30 and the slow phase to Chlai9. It is clearly seen that the an tiserum inhibits the amplitude of the fast signals to approximately the same extent as the X 320 signal (Fig.  4) . The inhibition shown in Fig. 4 represents 51 per cent. However, the slow phase signal is suppressed by more than 90 per cent. Measurements of absorp tion changes at 703 nm (data not shown) confirm the results obtained for the slow phases of the 690 nm absorption changes. This high inhibition of Chlai which reflects the overall decrease of electron transport corresponds precisely to the degree of in hibition measured manometrically in the same assay system (Fig. 3) . It can obviously mean that reaction centers of photosystem II are affected in two ways by the antiserum: 50 -60 per cent are fully put out of function and the remaining 40 -50 per cent change their way of functioning mediating either a fast cyclic electron flow as proposed by Renger and Wolf for Tris-washed chloroplasts12 or a direct charge recombination12. However, it follows from the facts that the initial amplitudes of the 320 nm and 690 nm absorption changes are decreased by the antiserum by more than 50 per cent, which is a clear difference to Tris-washed chloroplasts12,13, that the inhibition site of the antiserum must be closer towards the reaction center than the Trisblock.
The tobacco aurea mutant Su/su2 contains a smaller photosynthetic unit than the wild type to bacco and hence much more reaction center chloro phyll per total chlorophyll. Moreover, the lamellar system of the mutant is characterized by very ex tended intergrana regions with only occasional pro trusions and invaginations of thylakoids forming partitions which were formerly called doublings4. In this condition where the lamellar system is swol len partition regions should be much better acces sible to antibodies than in the wild type. However, in the aurea mutant Su/su2 electron transport in the electron transport system H20 -> anthraquinone-2-sulfonate or tetramethyl benzidine-> anthraquinone-2-sulfonate is affected to a lesser extent by the anti serum than in the green type chloroplasts (Fig. 2) . Instead of 90 per cent inhibition with the wild type only 50 to 60 per cent inhibition are observed with the mutant. The X 320-signal and the fast 690 nm ab sorbance change are inhibited under the same con ditions by only approximately 20 per cent (Tables  I and II ) . However, if P700 is the indicator of elec tron transport the inhibition is as in the experi ments of Fig. 2 about 60 to 70 per cent (Tables I  and II ) . The data of Tables I and II compared to that of Figs 4 and 5 with the wild type could mean that fewer reaction centers in this mutant are totally inhibited by the antiserum. After antiserum addition most of the photosystem II reaction centers are apparently in the condition in which the fast cyclic electron flow through photosystem II is operative12. The situation in the mutant after in hibition of electron transport by the antiserum is 
Effect of the artificial donor diphenyl carbazide on electron transport reactions in tobacco chloro plasts
The artificial donor diphenyl carbazide was intro duced by Vernon and Shaw 14. The donor properties have, in comparison to other donors, been charac terized by Shneyour and A vron15 . From all the donors to photosystem II its properties are peculiar. For instance, it does not support photophosphoryla tion in any electron transport system and on the other hand the donor seems to require vey little structural integrity of the thylakoid membrane.
Chlorophyll-protein preparations of low molecular weight such as "Fraction 3" described by Koenig et al. support diphenyl carbazide mediated photo reduction of K3Fe(CN )G (below pH 7), DCPiP, anthraquinone-2-sulfonate and other acceptors16. The reactions are DCMU-sensitive, although relati vely high concentrations of DCMU also with Tris washed chloroplasts have to be used in order to suppress the photooxidations of diphenyl carbazide. From this it might appear that this donor feeds in its electrons very close to the reaction center of photosystem II if it does not something else. Harnischfeger has deduced from his experiments that it changes the functionability of photosystem II by inducing probably some structural change1'. Since the localization of the inhibition site of our anti serum depends to a large extent on the donor func tions of diphenyl carbazide we have tested the donor properties on a complete Hill reaction in the assay system H20 -DCPiP. In such a reaction diphenyl carbazide stimulates 0 2-evolution by 20 per cent (Table II I) . This simple experiment already shows the difference to the donor tetramethyl benzidine which under the same conditions apparently sup presses 0 2-evolution (Table III) . If this stimulating property of diphenyl carbazide is to be interpreted in Harnischfeger's way it would be understandable that after the inhibition by the antiserum addition of Table III . Influence of diphenylcarbazide on the oxygen evolution in the DCPiP-Hill reaction in wild type tobacco chloroplasts. DCPiP, 2,6 dichlorophenolindophenol, 0.86 X 10-3 M in the assay. The Hill reaction was measured as 0 2-evolution with a Clark type oxygen electrode. Temp. 20 °C. The photoreduction of anthraquinone-2-sulfonate was measured in a Mehler type reaction as oxygen uptake. Assay system in ref. 2. Temp. 25 °C. Red light 25000 ergs sec-1 cm-2 580 nm <2<700 nm. The DCPiP-Hill reaction rate has under our conditions an optimum at the external pH 7.8 and falls steeply down towards higher pH-values. 
Effect of the antiserum on the low temperature fluorescence emission at 77 °K
Fluorescence emission spectra of chloroplasts at low temperatures are interpreted in the litera ture 19. The emission bands at 685 and 695 nm are mainly attributed to photosystem II. In particu lar the 695 nm emission is supposed to originate from the reaction center of photosystem II 20. Cor respondingly, the 732 nm emission is associated with photosystem I. According to the literature, changes in the low temperature emission spectra reflect different redox states in which the photo systems were in at the time of freezing of the sample but reflect also changes of energy spill-over between the two photosystems 10, 21. Thus, Murata has shown that cations like Mg2+ inhibit energy spill-over from photosystem II to photosystem I which leads in the low temperature fluorescence emission to an en hancement of the 685 and 695 nm bands and to a lowering of the 732 nm emission22. In this condi tion Mg2+ enhances Hill reactions but inhibits typi cal photosystem I reactions 22.
With our antiserum to polypeptide 11000 the ef fect on low temperature fluorescence emission is opposite to Murata's observation (Table IV ) .
From comparison with the control serum it ap peared that in the presence of antiserum the 686 nm and the 695 nm bands were lowered whereas the 732 nm band was enhanced (Table IV ) . The effect was observed in the absence and presence of Mg2+ -ions but was more pronounced in the absence of Mg2+-ions which appears self-evident as Mg2+ counteracts our effect. All our interpretations are based on the emission ratio F 732/F 686. In Triswashed chloroplasts the effect was less apparent probably because the emission ratio F 732/F 686 was already considerably increased in comparison to untreated chloroplasts. This effect was measured in the electron transport system H20 -> anthraquinone-2-sulfonate or tetramethyl benzidine/ascorbate-> anthraquinone-2-sulfonate in which electron trans port was inhibited to more than 60 per cent by the antiserum at the moment of freezing of the sample. It appeared in the course of these experiments that absence of Mg2+ in the sample retards the timely Table IV are interpreted to mean that the antiserum inhibits on the photosystem II side of the electron transport chain. From the fluorescence data alone it would appear that the antiserum acts on or near the reaction center of photosystem II inducing an enhanced energy spill over to photosystem I. From comparison with Triswashed chloroplasts and the Murata effect it appears that our antiserum effect is similar to Tris-treatment where the ratio F 732/F 686 is also increased.
Discussion
In this publication we attempted to further sub stantiate our previous finding that an antiserum to polypeptide 11000 inhibits photosynthetic electron transport on the oxygen evolving side of photo system I I 1' 2. By use of different chloroplast mutants, with the repetitive flash spectroscopy techniques and low temperature fluorescence emission the ear lier data was essentially confirmed. This does not imply that the water splitting reaction occurs on the outer surface of the thylakoid membrane 2. However, it appears that the formal localization of the inhibi tion site in the electron transport scheme depends to a large extent on the functioning mode of diphenyl carbazide (Figs 3 and 4, Table I I I ) . On the other hand one cannot easily question the donor functions of this component as the chloroplast-mediated photo oxidations of diphenyl carbazide are duely DCMUsensitive. At this point we should like to note that if the interpretation of the diphenyl carbazide data was not correct, a direct effect of the antiserum on the reaction center of photosystem II would be the only possible interpretation of our results. In this context it should be mentioned that Radunz et al. by means of antibodies to chlorophyll had observed that part of the reaction center chlorophyll of photo system II was surface located 23. The effect of the antiserum on the photosystem II-reaction center could be a distance change between the primary photosystem II donor and acceptor due to a change of the molecular structure in the thylakoid mem brane induced by the antibody binding. In this case diphenyl carbazide would not loose its capabilities of being a donor in the antiserum treated diloro-
